Abstract. In this paper, the concept of I-Baire spaces is introduced, and characterizations and properties of these spaces are given. It is shown that (X, τ) is Baire if and only if (X, τ, I) is I-Baire for any ideal I on X.
Introduction
It is well known that a Baire space is defined as a space in which every countable intersection of dense open subsets is dense, or equivalently a space with the property that every nonempty open subspace is nonmeager. Baire spaces have various applications in complete metric spaces. To develop applications of Baire spaces, some researchers have studied some spaces such as hyperspaces, Volterra spaces (see [10, 19] ). Recently, Chakrabarti and Dasgupta [2] have investigated Baire spaces with minimal structure.
Ideals on topological spaces were studied by Kuratowski [17] and Vaidyanathaswamy [22] . Their applications have been investigated intensively (see [3, 6, 7, 13, 16, 18, 20] ).
The aim of this paper is to introduce and study I-Baire spaces. Some characterizations and properties of I-Baire spaces, including their subspaces, are investigated. Finally, some mapping theorems and a topological sum theorem on I-Baire spaces are discussed.
Preliminaries
Let X be a nonempty set, let 2 X be a family of all subsets of X and let I ⊂ 2 X . I is called an ideal (resp. a σ-ideal) on X, if it satisfies the following conditions:
(1) If A ∈ I and B ⊂ A, then B ∈ I; (2) If A, B ∈ I (resp. {A n : n ∈ N} ⊂ I), then A ∪ B ∈ I (resp. ∪ n∈N A n ∈ I).
If τ is a topology on X and I is an ideal on X, then (X, τ, I) is called an ideal topological space or simply an ideal space.
Let (X, τ, I) be an ideal space. An operator (·) * : 2 X −→ 2 X , called a local function [17] of A with respect to τ and I, is defined as follows: for any A ⊂ X, Proof. This follows from the fact that τ ⊂ σ implies A * (I, σ) ⊂ A * (I, τ).
Proposition 3.5. Let (X, τ, I) be an ideal space. Then A ⊂ X is * -dense in X if and only if U ∩ A ∅ for any U ∈ τ * − {∅}.
Proof. Necessity. Let A be * -dense in X and let U ∈ τ * − {∅}.
This is a contradiction. Proposition 3.6. Let (X, τ, I) be an ideal space and let A ⊂ X. The following are equivalent.
(
Proposition 3.7. Let (X, τ, I) be an ideal space and let A ⊂ Y ⊂ X. Proof.
Theorem 3.9. Let (X, τ, I) be an ideal space. Then N * is an ideal on X.
Proof. This holds by Remark 3.2 (3) and Proposition 3.8.
* -first category and * -second category
Recall that a set in a Baire space is said to be a first category set or a meager set, if it can be written as a countable union of nowhere dense sets. We shall also give an analogous notion for I-Baire spaces.
Definition 4.1. Let (X, τ, I) be an ideal space and let A ⊂ X.
(1) A is called * -first category or * -meager in X, if there exists a sequence {A n } consisting of nowhere * -dense
The family of all * -first category subsets (resp. all first category subsets) of an ideal space X shall be denoted by M * (X) or simply by M * (resp. M(X) or M) when no ambiguity is present. 
Proof. These hold by Proposition 3.7. Proof. This is obvious. Proof. This holds by Proposition 4.5 and 4.7. Proof. This holds by Proposition 3.3.
I -Baire spaces

The concept of I-Baire
Theorem 5.4. Let (X, τ, I) be an ideal space. If
Proof. Let {G n } be a sequence of open and * -dense subsets of (X, τ, I). Note that τ ⊂ τ * , and for each n ∈ N, G n is * -dense in (X, τ) if and only if G n is dense in (X, τ * ). Since (X, τ * ) is Baire, c
Theorem 5.5. Let (X, τ, I) be an ideal space. The following are equivalent.
(1) X is I-Baire; (2) Each nonempty * -residual subset A of X is dense in X;
A n where A n ∈ N * . By Remark 3.2 (4), cA n ∈ N * for each n ∈ N. By Proposition 3.6, each X − cA n ∈ τ is * -dense in X. Now
Since X is I-Baire, c( ∩
(2)=⇒(3) Suppose that U is not * -second category in X for some U ∈ τ − {∅}. Then U ∈ M * . Case 1. Suppose U X. Since U ∈ M * , by (2) , X − U is * -residual in X and then X − U is dense in X. Note that U ∈ τ − {∅}. Then (X − U) ∩ U ∅. This is a contradiction.
Case 2. Suppose U = X. By Proposition 4.5, V ∈ M * (X) for any open set V ⊂ U. Now it satisfies the condition of Case 1 and so we omit the remaining proof.
(3)⇐⇒ (4) is obvious.
for some U ∈ τ. Since F ∈ M * , by Proposition 4.5, U ∈ M * . By (3), U is * -second category in X. This is a contradiction. 
G n is dense in X and thus X is I-Baire.
Proposition 5.6. Let (X, τ, I) be I-Baire and let A ⊂ X. If there exists a * -dense
and so each G n is * -dense in X. Note that G n ∈ τ − {∅}. By Proposition 3.6, each X − G n ∈ N * . Since 
Subspaces of I-Baire spaces
Proof. (1)=⇒(2) follows from Theorem 5.7.
(2)=⇒ (3) is obvious.
This is a contradiction. Let
I -Baire spaces, codense ideals and I -dense subsets
I-Baire spaces and codense ideals
In this subsection, we will characterize I-Baire spaces by means of codense ideals. Proof. Necessity. This is obvious. Sufficiency. Suppose that (X, τ, I) is I-Baire. Let {G n } be a sequence consisting of open and dense subsets of X. Since G n ∈ τ for each n ∈ N and I is codense, by Lemma 6.2, each G n ⊂ G * n . By Lemma 6.3, we have c * G n = cG n = X for each n ∈ N. Since (X, τ, I) is I-Baire, ∩ n∈N G n is dense. Hence (X, τ) is Baire. Proof. Let (X, τ, M * ) be M * -Baire. By Theorem 5.5, every U ∈ τ − {∅} is * -second category in X and then τ ∩ M * = {∅}. This implies that M * is codense. 
